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1. FLEXPART
The FLEXPART model used in this study has been modified to use time-averaged winds
from the Weather Research and Forecasting (WRF version 3.3) meteorology model instead
of instantaneous winds to reduce uncertainties within the FLEXPART model [Nehrkorn
et al., 2010]. The WRF output has a horizontal grid of 4 km x 4 km, with a temporal
resolution of 30 min and 60 vertical levels. In reverse mode, FLEXPART releases virtual
tracer particles at receptors (in this study, a receptor is the instantaneous spatial and tem-
poral location of the Pasadena ground site, the Twin Otter aircraft, or the P3 aircraft)
and integrates their trajectories backward in time using predicted wind fields combined
with random turbulent motion. The turbulent transport is parametrized in FLEXPART.
Based on a parametrization from Hanna [1982], FLEXPART uses the boundary layer
height, Monin-Obukhov length and friction velocity to calculate a turbulent vertical ve-
locity and its standard deviation at a given trajectory position. Based on those two terms,
a random distribution of turbulent velocity is calculated and then used in the calculation
of the vertical transport of the trajectories in the boundary layer. FLEXPART then maps
the individual particles to a grid (8 km x 8 km horizontal resolution) every 2 h over a 24-h
period and calculates the average particle residence times in each grid box. Surface-level
contributions to air masses are determined by averaging the residence times of particles
between the surface and 200 m altitude. The species contributions from air masses aloft
may be estimated based on mean column residence times, but are not included in this
study because surface emissions are expected to influence measurements most strongly
at low altitudes (∼300 m above ground). WRF meteorological fields were generated by
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NOAA for use in FLEXPART, and were not used to drive CMAQ because the WRF map
projection is not the same as the map projection on which the ARCTAS-CARB emission
inventory is based. However, the agreement between the WRF meteorological fields and
observations is well documented in Angevine et al. [2012].
2. Derivation of equations used to adjust predicted mass concentrations to
match the AMS transmission efficiencies
The following piece-wise defined function is used to approximate the transmission curves
of the AMSs used in this study:
f(40 nm < Dva < 100 nm) =
ln(Dva/40 nm)
ln(100 nm/40 nm)
f(100 nm < Dva < 550 nm) =1
f(550 nm < Dva < 2000 nm) =
ln(Dva/2000 nm)
ln(550 nm/2000 nm)
A log-normal mass distribution is defined as follows:
m(Dp) =
Mtot√
2piDp ln(σdry)
exp
[
−(ln(Dp)− ln(DdrypgV ))2
2 ln2(σdry)
]
For the diameter range with 100% transmission, the cumulative mass-distribution func-
tion for a log-normal mass distribution is:
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M (100 nm < Dva < 550 nm)
= M(100 nm/ρdry < Dp < 550 nm/ρdry)
=
∫ 550 nm/ρdry
0
m(Dp)dDp −
∫ 100 nm/ρdry
0
m(Dp)dDp
=
Mtot
2
erf
[
ln((550 nm/ρdry)/D
dry
pgV )√
2 lnσdry
]
− Mtot
2
erf
[
ln((100 nm/ρdry)/D
dry
pgV )√
2 lnσdry
]
Therefore,
M(100 nm < Dva < 550 nm) =
Mtot
2
(
erf
[
ln((550 nm/ρdry)/D
dry
pgV )√
2 lnσdry
]
− erf
[
ln((100 nm/ρdry)/D
dry
pgV )√
2 lnσdry
])
For 40 nm <Dva <100 nm, we apply the transmission function to the log-normal mass
distribution as follows:
f (40 nm < Dva < 100 nm) =
ln(Dva/40 nm)
ln(100 nm/40 nm)
=
ln(Dp/(40 nm/ρdry))
ln(100 nm/40 nm)
M (40 nm < Dva < 100 nm) =
∫ 100 nm/ρdry
40 nm/ρdry
f(Dp)m(Dp)dDp
=
∫ 100 nm/ρdry
40 nm/ρdry
ln(Dp/(40 nm/ρdry))
ln(100 nm/40 nm)
Mtot√
2piDp lnσdry
exp
[
−(ln(Dp)− ln(DdrypgV ))2
2 ln2 σdry
]
dDp
=
Mtot√
2pi ln(σdry) ln(100 nm/40 nm)
∫ 100 nm/ρdry
40 nm/ρdry
ln(Dp)
Dp
exp
[
−(ln(Dp)− ln(DdrypgV ))2
2 ln2 σdry
]
dDp
− Mtot√
2pi ln(σdry) ln(100 nm/40 nm)
∫ 100 nm/ρdry
40 nm/ρdry
ln((40 nm/ρdry))
Dp
exp
[
−(ln(Dp)− ln(DdrypgV ))2
2 ln2 σdry
]
dDp
Now we perform a change of variable:
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ln(Dp) =
√
2 ln(σdry)η + ln(D
dry
pgV )
η =
ln(Dp)− ln(DdrypgV )√
2 ln(σdry)
dη =
1
Dp
√
2 ln(σdry)
dDp
Now substitute η into equation for M(40 nm < Dva < 100 nm) and simplify:
M(40 nm < Dva < 100 nm)
=
Mtot√
2pi ln(σdry) ln(100 nm/40 nm)
∫ η(100 nm/ρdry)
η(40 nm/ρdry)
√
2 ln(σdry)η + ln(D
dry
pgV )
Dp
exp
[−(η)2]Dp√2 ln(σdry)dη
− Mtot√
2pi ln(σdry) ln(100 nm/40 nm)
∫ η(100 nm/ρdry)
η(40 nm/ρdry)
ln((40 nm/ρdry))
Dp
exp
[−(η)2]Dp√2 ln(σdry)dη
=
Mtot√
pi ln(100 nm/40 nm)
∫ η(100 nm/ρdry)
η(40 nm/ρdry)
(
√
2 ln(σdry)η + ln(D
dry
pgV ))exp
[−(η)2] dη
− Mtot√
pi ln(100 nm/40 nm)
∫ η(100 nm/ρdry)
η(40 nm/ρdry)
ln((40 nm/ρdry))exp
[−(η)2] dη
=
Mtot ln(σdry)√
pi
2
ln(100 nm/40 nm)
∫ η(100 nm/ρdry)
η(40 nm/ρdry)
(η)exp(−(η)2)dη
+
Mtot ln(D
dry
pgV /(40 nm/ρdry))√
pi ln(100 nm/40 nm)
∫ η(100 nm/ρdry)
η(40 nm/ρdry)
exp
[−(η)2] dη
Therefore,
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M(40 nm < Dva < 100 nm)
=
[
Mtot
2
][
ln(σdry)
ln(100 nm/40 nm)
√
pi
2
] [
exp(−(η(40 nm/ρdry))2)− exp(−(η(100 nm/ρdry))2
]
+
[
Mtot
2
] [
ln(D
dry
pgV /(40 nm/ρdry))
ln(100 nm/40 nm)
]
[erf(η(100 nm/ρdry))− erf(η(40 nm/ρdry)]
A similar derivation can be done for M(550 nm < Dva < 2000 nm), which yields:
M(550 nm < Dva < 2000 nm)
=
[
Mtot
2
][
ln(σdry)
ln(550 nm/2000 nm)
√
pi
2
] [
exp(−(η(550 nm/ρdry))2)− exp(−(η(2000 nm/ρdry))2
]
+
[
Mtot
2
] [
ln(D
dry
pgV /2000 nm/ρdry)
ln(550 nm/2000 nm
]
[erf(η(2000 nm/ρdry))− erf(η(550 nm/ρdry)]
The total mass in each mode that should be compared to the AMS measurements is
then:
MAMSmode = M(40nm < Dva < 100nm) + M(100nm < Dva < 550nm) + M(550nm < Dva < 2000nm)
MAMStot = M
AMS
I + M
AMS
J + M
AMS
K
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Table S1. Sulfate sources in the Aitken, accumulation, and coarse aerosol modes in CMAQ.
Aitken mode Accumulation mode Coarse mode
Aqueous-phase Oxidation
H2O2 + S(IV) → S(VI) + H2O
O3 + S(IV) → S(VI) + O2
O2 + S(IV) → S(VI)
MHPa + S(IV) → S(VI)
PAAb + S(IV) → S(VI)
Gas-phase Oxidation
SO2 + OH
O2,H2O−−−−−−→ H2SO4 + HO2 SO2 + OH O2,H2O−−−−−−→ H2SO4 + HO2 SO2 + OH O2,H2O−−−−−−→ H2SO4 + HO2
Primary Emissions
0.1% Primary Anthropogenic Sulfate 99.9% Primary Anthropogenic Sulfate
Sulfate Sea-spray Sulfate Sea-spray
Initial conditions (IC) and boundary conditions (BC)
Sulfate from ICBC Sulfate from ICBC Sulfate from ICBC
a MHP stands for methylhydrogenperoxide. b PAA stands for peroxyacetic acid.
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Table S2. Statistical metrics based on measured and predicted total nitrate (NO−3 + HNO3)
mixing ratios for P3 flights during May 2010.
P3, AMS Transmission
Flight Date N ME [ppbv] MB [ppbv] NME NMB
Total Nitrate (HNO3 + NO
−
3 )
4 17219 0.99 -0.69 0.45 -0.31
8 25439 0.90 -0.01 0.49 0.00
14 22258 1.93 1.61 1.07 0.89
16 27899 0.87 -0.29 0.38 -0.13
19 24239 1.59 -1.39 0.48 -0.42
P3, Full Transmission
Flight Date N ME [ppbv] MB [ppbv] NME NMB
Total Nitrate (HNO3 + NO
−
3 )
4 17219 0.99 -0.60 0.44 -0.27
8 25439 1.05 0.25 0.58 0.14
14 22258 2.14 1.87 1.19 1.04
16 27899 0.90 -0.07 0.39 -0.03
19 24239 1.31 -1.08 0.40 -0.33
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Table S3. Statistical metrics based on measured and predicted temperature, RH, wind speed,
and wind direction at six surface sites in the L.A. Basin.
Temperature
Site ME [K] MB [K]
Los Angeles-International Airport 2.39 1.54
Long Beach Airport 2.54 1.47
Riverside-March Air Force Base 2.78 1.35
Chino Airport 2.27 1.61
Fullerton Municipal Airport 2.43 1.85
Los Alamitos Army Airfield 1.94 1.02
Relative Humidity
Site ME [%] MB [%]
Los Angeles-International Airport 11.8 -3.71
Long Beach Airport 14.3 -9.42
Riverside-March Air Force Base 15.9 -11.2
Chino Airport 11.5 -6.19
Fullerton Municipal Airport 14.4 -5.87
Los Alamitos Army Airfield 12.3 -5.64
Wind Speed
Site ME [m/s] MB [m/s] NME NMB
Los Angeles-International Airport 1.24 0.837 0.700 0.470
Long Beach Airport 1.51 0.884 0.527 0.308
Riverside-March Air Force Base 1.77 1.29 0.672 0.489
Chino Airport 0.974 0.0795 0.448 0.0366
Fullerton Municipal Airport 1.66 0.215 0.448 0.0580
Los Alamitos Army Airfield 1.31 0.796 0.494 0.301
Wind Direction
Site ME [◦]
Los Angeles-International Airport 53.1
Long Beach Airport 45.0
Riverside-March Air Force Base 55.8
Chino Airport 45.8
Fullerton Municipal Airport 43.1
Los Alamitos Army Airfield 49.5
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Table S4: ARCTAS-CARB domain-wide daily gaseous
emission rates.
Species Weekday Emission Rate (kmol/day) Weekend Emission Rate (kmol/day)
NO 1.19e+05 9.33e+04
NO2 1.35e+04 1.06e+04
HONO 2.69e+03 2.11e+03
SO2 1.01e+04 1.01e+04
SULF 3.18e+02 3.16e+02
CO 7.72e+05 8.27e+05
HCHO 3.68e+03 3.43e+03
CCHO 2.27e+03 2.56e+03
RCHO 8.29e+02 7.61e+02
ACET 6.54e+03 7.69e+03
MEK 4.66e+02 3.51e+02
PROD 1.39e+02 8.89e+01
BALD 1.38e+02 1.78e+02
PHEN 1.11e+01 9.38e+00
GLY 3.34e+01 3.34e+01
MGLY 2.17e+01 2.17e+01
HCOOH 3.88e-01 3.08e-01
NROG 1.32e+04 1.28e+04
MEOH 1.08e+04 1.41e+04
CH4 2.06e+05 1.84e+05
ETHENE 8.31e+03 8.94e+03
ISOPRENE 5.02e+03 9.71e+03
ALK1 1.50e+04 1.47e+04
ALK2 6.82e+03 6.82e+03
ALK3 1.28e+04 1.25e+04
ALK4 1.50e+04 1.52e+04
ALK5 8.09e+03 7.47e+03
ARO1NBZ 4.08e+03 4.14e+03
ARO2 2.80e+03 2.95e+03
OLE1 5.27e+03 7.44e+03
OLE2 1.88e+03 2.12e+03
TRP1 3.65e+03 4.76e+03
CRES 1.19e+00 1.15e+00
NH3 5.35e+04 5.34e+04
BENZENE 9.19e+01 9.32e+01
SESQ 1.51e+02 2.10e+02
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Table S5: ARCTAS-CARB domain-wide daily particu-
late emission rates.
Species Weekday Emission Rate (kg/day) Weekend Emission Rate (kg/day)
POA 1.25e+05 9.83e+04
PEC 5.50e+04 5.52e+04
PSO4 5.77e+04 6.46e+04
PMFINE 6.40e+05 5.72e+05
PMC 3.30e+06 2.77e+06
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Figure S1. Map of nested MM5 domains. The three grids have horizontal resolutions of 36,
12, and 4 km, and have (71 x 71), (133 x 133), (298 x 328) grid points, respectively, in (west-east)
and (south-north) directions. Meteorological fields were extracted from the inner-most domain
for the CTM domain shown in Figure 1.
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Figure S2. Map of nested CTM domains. The global map represents the global GEOS-
Chem domain (2◦Lat by 2.5◦Lon horizontal grid resolution). The blue line represents the nested
GEOS-Chem North America domain (0.5◦Lat by 0.667◦Lon horizontal grid resolution), from
which dynamic CMAQ boundary conditions are derived. The red line represents the nested
CMAQ Southern California domain (4 km by 4 km horizontal grid resolution).
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Figure S3. Observed (black) black carbon concentrations along P3 and Twin Otter flight paths. Data points above
1000 m a.s.l. have been removed in order to accurately show that the noise levels in both SP2s are comparable during
most flights. The data series are plotted as functions of data-point number so that the plots appear continuous, and all
x-axes have been set to [0 15000].
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Figure S4. Map of mean residence times based on integrated 24-h back trajectories for the
surface level particles (particles at < 200 m altitude) arriving in the vicinity of the Twin Otter
for flights on May 24. Flight path marker (black dots) sizes are proportional to 1-min average
measured BC concentrations (maximum concentration is 0.29 µg m−3)
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Figure S5. Top five panels show measured (black) and predicted (red) CO mixing ratios.
Bottom five panels show measured and predicted ratios of black carbon (∆BC) mass concentra-
tions and ∆CO mixing ratios. ∆BC/∆CO are calculated by subtracting the minimum BC and
CO measurements (background values) below 1000 m a.s.l. from all BC and CO measurements,
respectively, below 1000 m a.s.l. Data points for which ∆CO < 1 ppbv are also removed. Note
that, owing to data points lying on top of each other in Figure S4, the average ∆BC/∆CO
ratios (horizontal lines) can appear lower than the spread of individual data points may suggest.
Horizontal lines represent flight averages.
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Figure S6. Map of mean residence times based on integrated 24-h back trajectories for the
surface level particles (particles at < 200 m altitude) arriving in the vicinity of the Twin Otter
for flights on May 21. Flight path marker (black dots) sizes are proportional to 10-sec average
measured sulfate concentrations (maximum concentration is 1.26 µg m−3)
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Figure S7. Daily domain total Na+ emissions from sea-spray. Emission rates are calculated
using the sea-salt diagnostic file generated by CMAQ.
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Figure S8. Predicted (red) and observed (black) total nitrate (NO−3 + HNO3) mixing ratios
(left column) and predicted and observed fraction of total nitrate in the particle-phase (right
column) for P3 flights. Predicted nitrate concentrations are adjusted to match the transmission
efficiency of the AMS based as described in the text.
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Figure S9. Predicted crustal species (Ca2+, K+, and Mg2+) concentrations along P3 flight
paths. Predictions are based on speciation factors given in Table 8 of the manuscript. Nitrate
concentrations that could potentially be neutralized by crustal species are shown in the right-most
column. Coarse particles are in black and fine particles are in red.
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Figure S10. Ground-site locations used for comparison of predicted (MM5) and observed
meteorology for May 2010.
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Figure S11. Predicted (red) and observed (black) temperature, RH, wind speed, and wind
direction.
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Figure S12. Predicted (red) and observed (black) temperature, RH, wind speed, and wind
direction.
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Figure S13. Predicted (red) and observed (black) temperature, RH, wind speed, and wind
direction.
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Figure S14. Predicted (red) and observed (black) temperature, RH, wind speed, and wind
direction.
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Figure S15. Predicted (red) and observed (black) temperature, RH, wind speed, and wind
direction.
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Figure S16. Predicted (red) and observed (black) temperature, RH, wind speed, and wind
direction.
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